INTRODUCTION
Lignocellulose in plant cell walls consist of cellulose, hemicellulose and lignin. D-Xylose is a major sugar component of xylan, which is a principal component of hemicellulose, the second most abundant polysaccharide in lignocellulose. Therefore, D-xylose is the second most abundant sugar in the lignocellulose of plant cell walls. The lignocellulose in plant biomass is of interest as a substrate for production of ethanol and other microbial products (Carvalho et al., 2002; Doran-Peterson et al., 2008; Hahn-Hägerdal et al. 2006) . The utilization of the major component sugars in lignocellulose, viz. glucose and xylose, is economically important. Many yeast species have the ability to assimilate xylose and, in recent years, some novel xylose-assimilating yeast species have been proposed, e.g. Candida amazonensis (Cadete et al., 2012) , C. laoshanensis, C. qingdaonensis (Wang et al., 2010) , C. prachuapensis (Nitiyon et al., 2011) , C. xylanilytica and C. cellulosicola (Guo et al., 2012) . In contrast, only a few yeast species have been reported to both assimilate D-xylose and ferment it to ethanol, e.g. Candida shehatae, Pachysolen tannophilus, Scheffersomyces (Pichia) stipitis (Jeffries & Kurtzman, 1994; Kurtzman & Suzuki, 2010; Kurtzman, 2011a, b) , and Spathaspora arborariae (Cadete et al., 2009 ).
The genus Wickerhamomyces was proposed to accommodate 17 species that were transferred from the genera Pichia, Williopsis and Hansenula based on phylogenetic analysis of nucleotide divergence in the genes coding for the large subunit (LSU) and small subunit rRNAs and for elongation factor-1a Kurtzman, 2011c) . From this analysis, Pichia pijperi and Candida solani, which were previously placed in the Pichia membranifaciens clade on the basis of nucleotide divergence in the D1/D2 domain of the LSU rRNA gene, were found to be basal to the Wickerhamomyces and Lindnera clades and included in the Wickerhamomyces clade Kurtzman, 2011d) . Subsequently, the number of Wickerhamomyces species was increased by the discovery of various novel species such as Wickerhamomyces chaumierensis (Groenewald et al., 2011) , W. edaphicus (Limtong et al., 2009) , W. queroliae ), W. patagonicus (de García et al., 2010 and W. ochangensis (Shin et al., 2011) . From the same analysis, the number of species in the genus Pichia was decreased from nearly 100 species to 20 following phylogenetic circumscription of P. membranifaciens, the type species of the genus Kurtzman, 2011d C. pseudolambica, C. rugopelliculosa, C. thaimueangensis and C. silvatica, which is the basal to the clade (Lachance et al., 2011; Kurtzman, 2011c) .
During the isolation of xylose-assimilating yeasts from soils and decaying plant materials and testing for their xylosefermenting ability, two xylose-assimilating strains were isolated and are described in the present study. Based on analysis of the D1/D2 domain of the LSU rRNA gene sequence, they represent two novel ascomycetous yeast species; one strain, NT29
T , is proposed as a representative of Candida phayaonensis sp. nov. and the other, NT31
T , as a representative of Wickerhamomyces xylosica sp. nov. DNA sequencing and phylogenetic analysis. The sequences of the D1/D2 domain of the LSU rRNA gene were determined from PCR products amplified from genomic DNA extracted from yeast cells by using a slightly modified version of the method described by Lachance et al. (1999) . Cells grown on YM agar for 24-48 h were suspended in 50 ml sterile water in a 1.5 ml microcentrifuge tube and the tube was kept in a freezer (220 uC) for 30 min. Then, the microcentrifuge tube was immediately boiled in a water bath at 100 uC for 15 min and again kept in the freezer (220 uC) for 15 min. After the suspension melted, the supernatant was collected by centrifugation at 8000 r.p.m. for 5 min using a microcentrifuge (Labnet). The D1/ D2 domain of the LSU rRNA gene was amplified by PCR with forward primer NL1 and reverse primer NL4 (O'Donnell, 1993) . The internal transcribed spacer (ITS) region was amplified with primers ITS1 and ITS4, following the method of White et al. (1990) . The PCR products were checked by agarose gel electrophoresis and purified by using the QIAquick purification kit (Qiagen). The purified products were sequenced commercially by Macrogen (Seoul, Korea) using primers NL1 and NL4 for the D1/D2 domain of the LSU rRNA gene and primers ITS1 and ITS4 for the ITS region. The sequences were compared pairwise using a BLAST search (Altschul et al., 1997) and were aligned with the sequences of related species retrieved from GenBank using the multiple alignment program MUSCLE (Edgar, 2004) . Phylogenetic trees were constructed from the evolutionary distance data with Kimura's two-parameter correction (Kimura, 1980) by the neighbour-joining method (Saitou & Nei, 1987) using the MEGA version 5.0 software package (Tamura et al., 2011) . Confidence levels of the clades were estimated from bootstrap analysis (1000 replicates) (Felsenstein, 1985) . Kregervanrija fluxuum or Ogataea minuta were used as the outgroup species in the analysis.
METHODS
Phenotypic characterization. The strains were characterized morphologically, biochemically and physiologically according to the standard methods described by Yarrow (1998) . Assimilation of nitrogen compounds was examined on solid media with starved inocula following the method of Nakase & Suzuki (1986) . Growth at various temperatures was determined by cultivation in YM broth. Ubiquinones were extracted from cells cultivated in a 500 ml Erlenmeyer flask containing 200 ml yeast extract-peptone-glucose (YPD) broth (1 % yeast extract, 2 % peptone and 2 % glucose) on a rotary shaker at 28 uC for 72 h and purified according to the method described by Yamada & Kondo (1973) and Kuraishi et al. (1985) . The isoprenologues were identified by HPLC as described previously (Limtong et al., 2007) .
RESULTS AND DISCUSSION

Species delineation and classification
Analysis of the D1/D2 domain of the LSU rRNA gene sequences revealed that the two strains (NT29 T and NT31 T ) were clearly different from each other. In terms of pairwise sequence similarities, the closest relative of strain NT29
T was Pichia exigua NRRL Y-10920 T , but with 2.5 % nucleotide substitutions (14 nt substitutions out of 559 nt). Strain NT31
T differed from the type strain of Wickerhamomyces pijperi, its closest phylogenetic relative, by 4.0 % nucleotide substitutions (23 nt substitutions and two indels out of 570 nt), although it differed from several other strains of W. pijperi that had D1/D2 domain sequences available in GenBank by 1.6-4.2 % nucleotide substitutions. The nucleotide sequences of the ITS regions of the two strains were also analysed. In the ITS regions, the sequences of the two strains differed from each other. The sequence of strain NT31 T exhibited 6.9 % nucleotide substitutions (34 nt substitutions, 57 indels out of 490 nt) compared with the type strain of W. pijperi. Pairwise sequence analysis was not carried out between NT29 T and P. exigua as the ITS sequence of the type strain of P. exigua is not available.
The phylogenetic tree based on sequences of the D1/D2 domain of the LSU rRNA gene shows that strain NT29
T is connected with the type strain of P. exigua and belongs in the Pichia clade at a position that is distinct from other members of the clade (Fig. 1a) . Fig. 1b shows that strain NT31 T is part of the Wickerhamomyces clade and forms a subclade with the type strains of W. pijperi, W. chaumierensis and C. solani, which were placed basal to the clade Groenewald et al., 2011) .
Ascospores were not produced by strain NT29
T on 5 % malt extract agar, Fowell's acetate agar, cornmeal agar or Gorodkowa agar after 6 weeks at 15 and 25 uC. On the other hand, ascospores were produced by strain NT31 T on cornmeal agar, YM agar, 5 % malt extract agar and Gorodkowa agar after 7 days at 15 u C but not at 25 u C. Asci were persistent, unconjugated and formed four spherical ascospores with an equatorial ledge. The two strains differed Wickerhamomyces xylosica NT31 T (b; bar, 0.01 K nuc ). The phylogenetic tree was constructed from evolutionary distance data with Kimura's two-parameter correction (Kimura, 1980) by the neighbour-joining method using the MEGA version 5.0 software package. The numbers at nodes indicate the percentages of bootstrap sampling, derived from 1000 samples. The numbers in parentheses are GenBank accession numbers. Sequences from Kregervanrija fluxuum NRRL YB-4273 T and Ogataea minuta NRRL Y-411 T were used as the outgroups in (a) and (b), respectively.
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On the basis of morphological, biochemical, physiological and chemotaxonomic characteristics, and the sequence analysis of the D1/D2 domain of the LSU rRNA gene and ITS region, we conclude that strain NT29
T represents a novel anamorphic ascomycete yeast species for which the name Candida phayaonensis sp. nov. is proposed, whereas strain NT31
T represents a teleomorphic ascomycete species, for which the name Wickerhamomyces xylosica sp. nov. is proposed.
In practice, C. phayaonensis sp. nov. and W. xylosica sp. nov. can be distinguished from P. exigua and W. pijperi, their closest relatives, by only a few phenotypic characteristics, as shown in Table 1 .
Previously, we reported 133 xylose-assimilating yeast strains belonging to 18 species in nine genera of the phylum Ascomycota and nine described species in two genera of the phylum Basidiomycota isolated from 84 samples of soil and decaying plant materials (Nitiyon et al., 2011) . In the study, only a few strains of most of the species detected were found, but two species, namely Candida tropicalis (25 strains) and Meyerozyma carribica (20 strains), were isolated with much higher frequency. The strains of the two novel species proposed in the present paper were from this group of 133 xylose-assimilating strains. The two novel species are represented by only one strain each. They were isolated from different soil samples that were collected in the same area. It is clear that the novel species are not common in soil or decaying plant materials because only one strain of each species was obtained from these 84 samples.
Therefore, it is not clear what the habitats of the novel species are. Other yeast species were found in the soil samples in which the two novel species were discovered. In the soil from which C. phayaonensis sp. nov. was isolated, Cryptococcus terrestris was also found, whereas in the sample containing W. xylosica sp. nov., Candida maltosa and Pichia kudriavzevii were also found.
Latin diagnosis of Candida phayaonensis Limtong, Nitiyon, Kaewwichian, Jindamorakot, Am-In et Yongmanitchai sp. nov.
In medio liquido 'YM', post dies 3 ad 25 u C cellulae ovoideae aut ellipsoidae (2-562-8 mm), singulae aut binae per germinationem multipolarem reproducentes. In agaro 'YM', post dies 3 ad 25 u C, cultura butyrosa, cremea, glabra et margo undulato. Pseudohyphae et hyphae non formantur. Ascosporae non formantur. D-Glucosum (lente) fermentatur at non D-galactosum, maltosum, sucrosum, trehalosum, melibiosum, lactosum, raffinosum nec D-xylosum. D-Glucosum, Dxylosum (infirme), sucrosum, inulinum (infirme), acidum DL-lacticum, acidum citricum, ethanolum, ethylaminum, Llysinum et cadaverinum assimilantur at non D-galactosum, Lsorbosum, N-acetyl-D-glucosaminum, D-ribosum, L-arabinosum, D-arabinosum, L-rhamnosum, maltosum, trehalosum, methyl a-D-glucosidum, cellobiosum, salicinum, melibiosum, lactosum, raffinosum, melezitosum, amylum solubile, glycerolum, erythritolum, ribitolum, D-glucitolum, D-mannitolum, galactitolum, inositolum, D-glucono-1,5-lactonum, acidum 2-keto-D-gluconicum, acidum 5-keto-D-gluconicum, acidum Dgluconicum, acidum D-glucuronicum, acidum D-galacturonicum, acidum succinicum, methanolum, kalium nitricum nec natrium nitrosum. Vitamina externa ad crescentiam necessaria non sunt. Crescere potest in temperatura 20, 25 et 30 u C at non crescit in temperatura 37 nec 40 u C. Non crescit in 50 % glucosum, 60 % glucosum, 10 % NaCl/5 % glucosum et 16 % NaCl/5 % glucosum, 0.1 % cycloheximido et 0.01 % cycloheximido. Amylum non formatur. Diazonium caeruleum B non respondens. Ureum non hydrolysatur. Ubiquinonum majus: Q-7. Growth in YM broth: after 3 days at 25 uC, cells are ovoid to ellipsoidal (2-562-8 mm) and occur singly or in pairs (Fig.  2) ; budding is multilateral. Growth on YM agar: after 3 days at 25 u C, the streak culture is butyrous, cream-coloured, with a smooth surface and has an undulate margin. Pseudohyphae and true hyphae are not formed in slide culture on cornmeal agar after 3 weeks at 25 u C. Ascospores are not produced on 5 % malt extract agar, Fowell's acetate agar, cornmeal agar, Gorodkowa agar or YM agar after 6 weeks at 15 and 25 u C. In medio liquido: 'YM', post dies 3 ad 25 u C cellulae ovoideae aut ellipsoidae (3-664-9 mm), singulae aut binae per germinationem multipolarem reproducentes. In agaro 'YM', post dies 3 ad 25 u C, cultura butyrosa, cremea, glabra et margo glabra. Pseudohyphae et hyphae non formantur. Ascosporae formantur. D-Glucosum fermentatur at non D-galactosum, maltosum, sucrosum, trehalosum, melibiosum, lactosum, raffi-
lactosum, raffinosum, inulinum, amylum solubile, erythritolum, ribitolum, D-glucitolum, galactitolum, inositolum, acidum 5-keto-D-gluconicum, acidum D-gluconicum, acidum D-glucuronicum, acidum D-galacturonicum, acidum succinicum, methanolum, kalium nitricum nec natrium nitrosum. Vitamina externa ad crescentiam necessaria non sunt (infirme). Crescere potest in temperatura 20, 25 et 30 u C at non crescit in temperatura 37 nec 40 u C. Non crescit in 50 % glucosum, 60 % glucosum, 10 % NaCl/5 % glucosum et 16 % NaCl/5 % glucosum, 0.1% cycloheximido et 0.01 % cycloheximido. Amylum non formatur. Diazonium caeruleum B non respondens. Ureum non hydrolysatur. Ubiquinonum majus: Q-7. 
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pertaining to; N.L. fem. adj. xylosica pertaining to xylose, intended to mean xylose-assimilating).
Growth in YM broth: after 3 days at 25 u C, cells are ovoid to ellipsoidal (3-664-9 mm), and occur singly or in pairs (Fig. 3) ; budding is multilateral. Growth on YM agar: after 3 days at 25 u C, the streak culture is butyrous, creamcoloured, with a smooth surface and has an entire margin. Pseudohyphae and true hyphae are not formed in slide culture on cornmeal agar after 3 weeks at 25 u C. Ascospores are produced on cornmeal agar, YM agar, 5 % malt extract agar and Gorodkowa agar after 7 days at 15 u C but not at 25 u C. Asci are persistent, unconjugated and form four spherical ascospores with equatorial ledges. Two novel xylose-assimilating yeast species
